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Introduction
Numerous definitions have been proposed to define acute kidney injury (AKI) [1] , resulting in great discrepancy in the reported incidence of AKI. This heterogeneity of data has made the comparison of various published studies focusing on AKI difficult, and in many cases impossible. The development of two new classification systems for AKI over the last decade [Risk, Injury, Failure, Loss of kidney function, End-stage kidney disease (RIFLE) and Acute Kidney Injury Network (AKIN)] [2, 3] has led to enhanced knowledge concerning the epidemiology of AKI, demonstrating greater sensitivity and specificity in the diagnosis and stratification of AKI [4] . The RIFLE classification system (Table 1) was published in 2004 [2] . It stratifies AKI according to three classes of severity-risk, injury and failurebased on serum creatinine (SCr) or glomerular filtration rate (GFR) and on changes in urine output (UO) over a predetermined period of time and two classes of outcome-loss of kidney function and end-stage kidney disease-based on time of renal replacement therapy dependency. Worsening of renal function must occur over a period of 7 days and persist for >24 h for AKI to be deemed present. In the absence of a pre-existing history of chronic kidney disease (CKD) and when baseline SCr is unknown, a baseline GFR between 75 and 100 mL/min/1.73 m 2 should be assumed and the Modification of Diet in Renal Disease (MDRD) equation should be used to calculate an estimated baseline SCr. However, some modifications were warranted due to the knowledge that even small increases in SCr are associated with poor outcomes [5] , the fact that formulas that estimate GFR presume a steady state that is absent in AKI and, lastly, due to differences in accessibility and indications for initiation of renal replacement therapy among different institutions and countries. Therefore, in 2007, the AKIN classification (Table 1) , also known as the modified RIFLE [3] , was proposed and published with the intention of improving diagnostic accuracy. Instead of depending on either SCr or GFR, the AKIN classification relies solely on the former, calling for at least two measurements over a 48-h period, thereby discarding the requirement for known baseline SCr levels. The diagnosis of AKI and classification of patients into the various groups is carried out only after the hydration status has been optimized and after excluding urinary obstruction as a cause for renal dysfunction, and the AKIN classification does not consider outcome classes, as happens with the RIFLE classification. AKIN has not proved to be advantageous over RIFLE regarding the severity and outcomes of AKI despite showing a higher diagnostic sensitivity [6] [7] [8] . Recently, the RIFLE and AKIN classifications were merged into the Kidney Disease: Improving Global Outcomes (KDIGO) classification (Table 1) , with the purpose of providing integrated yet simplified criteria to be applied in clinical activity, research and public health surveillance [9] . In this classification, severity has been stratified in the same way as AKIN, except for a simplification of the criteria required to reach stage 3. Theoretically, KDIGO offers advantages over the other two systems in identifying patients with AKI and in predicting outcome.
Sepsis is the leading cause of AKI in the intensive care unit (ICU) and patients with septic AKI are clinically distinct from those with non-septic AKI. Septic AKI is associated with high disease severity scores, non-renal organ failure, requirement for mechanical ventilation, need for vasoactive drugs, extended lengths of ICU and hospital stay, higher in-hospital mortality and increased probability of renal function recovery at hospital discharge [10, 11] . Consequently, a profound understanding of septic AKI is essential for the nephrologist and the intensivist to appropriately formulate diagnoses, treatment options and follow-up strategies, in addition to predicting patient outcome.
The KDIGO classification system has been recently assessed in several published studies [12] [13] [14] [15] [16] [17] [18] ; however, its applicability to septic AKI and its comparison with the two previous classifications has not yet been performed or validated in this setting. Therefore, we sought to evaluate the incidence of AKI according to these three classifications (RIFLE, AKIN and KDIGO) and compared their ability to predict in-hospital mortality in a cohort of critically ill patients with severe sepsis or septic shock.
Materials and methods
The present study is retrospective in nature, including all patients with severe sepsis or septic shock admitted to the Division of Intensive Medicine of the Centro Hospitalar Lisboa Norte (Lisbon, Portugal) between January 2008 and December 2014. Centro Hospitalar Lisboa Norte is an academic and referral centre for 3 000 000 inhabitants. The study was approved by the Ethical Committee at the Centro Hospitalar Lisboa Norte, EPE, in agreement with institutional guidelines. Informed consent was waived by the Ethical Committee due to the retrospective and non-interventional nature of the study.
Participants
Selection of potentially eligible patients was conducted based on the ICU patient admission register. All adult patients (≥18 years of age) with severe sepsis or septic shock admitted to the Division of Intensive Medicine were selected. Sepsis was defined by historical criteria in accordance with the American College of Chest Physicians and the Society of Critical Care Medicine consensus [19] .
Exclusion criteria included (i) CKD patients already on renal replacement therapy, (ii) patients who underwent renal replacement therapy 1 week before ICU admission and (iii) patients who were discharged or died <2 days after admission in the ICU.
Variables and data sources
All variables were collected from electronic and handwritten patient clinical records. The analysed variables included patient demographic characteristics (age, gender, ethnicity and body weight), comorbidities [diabetes mellitus, hypertension, cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD), cirrhosis and malignancy], primary diagnosis (medical versus surgical), source of infection, serum haemoglobin, serum albumin, SCr, UO, disease severity according to the Simplified Acute Physiologic Score (SAPS) II [20] as determined by the worst variables recorded during the first 24 h, fluid balance, need for mechanical ventilation, vasopressor use and requirement for renal replacement therapy. Diabetes mellitus was diagnosed according to the American Diabetes Association criteria [21] and hypertension was diagnosed according to the seventh report of the Joint National Committee [22] . CVD was considered whenever a history of cerebrovascular disease, chronic heart failure, cardiac ischaemic disease and peripheral arterial disease was present, and COPD included emphysema and chronic bronchitis. For CVD and COPD, a previous diagnosis on clinical records was considered sufficient. In-hospital mortality was considered the outcome measure.
The development of AKI within the first week of ICU hospitalization was diagnosed and classified using the RIFLE, AKIN and KDIGO classifications based on both SCr and UO criteria ( Table 1) . The criteria that led to the worst classification were used and the maximum RIFLE, maximum AKIN and maximum KDIGO were reported. In this ICU, SCr is determined at least once a day and UO is recorded hourly for all patients. Pre-admission SCr (SCr within the previous 3 months) was considered as baseline SCr for RIFLE and KDIGO classifications and SCr on ICU admission was considered as baseline SCr for AKIN classification. When pre-admission SCr values were unavailable they were estimated from the MDRD equation [23] assuming the lower limit of a normal baseline GFR of 75 mL/min/1.73 m 2 . Hourly recorded urine output was available for all patients and 6-h periods were used to diagnose and classify AKI.
Statistical methods
Continuous variables were presented as the mean ± standard deviation and categorical variables as the total number and percentage of cases for each category. RIFLE classes, AKIN stages and KDIGO stages were compared using Student's t-test for normally distributed continuous variables, Mann-Whitney U test for non-normally distributed continuous variables and chi-square test for categorical variables. Multivariate logistic regression analysis was employed to evaluate the association between RIFLE criteria, AKIN criteria and KDIGO criteria with in-hospital mortality. Model fit was assessed by the goodness-of-fit test and discrimination was assessed by the area under the receiver operating characteristic (AUROC) curve. Data were expressed as odds ratios (ORs) with 
Results

Participants
After analysis of the ICU patient admission register, 723 patients were selected as potentially eligible. Of these, 266 were excluded: 122 had CKD on renal replacement therapy and 144 had been hospitalized for less than 48 h. None required renal replacement therapy in the week preceding ICU admission. Consequently, we focused on a final cohort of 457 patients. Patient baseline characteristics are described in Table 2 . Demographic and clinical characteristics of the studied population according to AKI development are described in Table 3 . Preadmission SCr was available in 185 patients (40.6%) and in the remaining cases [n = 272(59.4%)] it was estimated using the MDRD formula, assuming a baseline eGFR of 75 mL/min/1.73 m 2 . As expected, when compared with patients not developing AKI, AKI patients were more likely to have significantly higher SAPS II values (P < 0.001 for RIFLE and AKIN; P = 0.002 for KDIGO) and to require vasopressors (P < 0.001 for RIFLE, AKIN and KDIGO). Lower serum albumin values were also more commonly found among AKI patients (P = 0.018 for RIFLE; P = 0.003 for AKIN and KDIGO). Furthermore, ICU mortality (P = 0.033 for RIFLE; P = 0.005 for AKIN; P = 0.03 for KDIGO) and in-hospital mortality (P = 0.026 for RIFLE; P = 0.001 for AKIN; P = 0.006 for KDIGO) were also higher in AKI patients than in non-AKI patients.
AKI stratified by the RIFLE, AKIN and KDIGO criteria (Table 4) . RIFLE and KDIGO criteria allowed for the identification of more patients as having AKI than AKIN criteria (P < 0.001, respectively) and classified more patients with injury (P = 0.011)/stage 2 of KDIGO (P = 0.005) and failure (P = 0.002)/stage 3 of KDIGO (P < 0.001), although AKIN identified more patients with stage 1 than RIFLE (P = 0.007). There were no significant differences in AKI incidence (overall AKI and severity classes/stages) between RIFLE and KDIGO classifications (Table 5) .
Creatinine criteria led to a maximum RIFLE in 52.6% of patients, a maximum AKIN in 38.8% of patients and a maximum KDIGO in 38.7% of patients, while UO criteria led to a maximum RIFLE in 33.9% of patients, a maximum AKIN in 52.1% of patients and a maximum KDIGO in 50.9% of patients, whereas in almost 10% of patients it was both the UO and creatinine criteria that led to a maximum RIFLE, a maximum AKIN and a maximum KDIGO (Table 4) . .6%, adjusted OR 1.6 (95% CI 1.3-2.1), P < 0.001; KDIGO 48.3%, adjusted OR 2.7 (95% CI 1.2-6.2), P = 0.021], was also independently associated with an increased risk for death. In contrast, risk and stage 1 of AKIN and KDIGO, as well as injury and stage 2 of AKIN and KDIGO, were not associated with increased in-hospital mortality (Tables 6 and 7) .
In-hospital mortality
Multivariate analysis was repeated using the RIFLE, AKIN and KDIGO classifications based either on creatinine criteria or on UO criteria (Table 7) . On the one hand, AKI defined by SCr criteria, as well as any of its classes/stages, was not associated with increased risk for in-hospital death. On the other hand, when AKI was defined and categorized by UO criteria, any category of AKI [adjusted OR 2.7 (95% CI 1.7-4.5), P < 0.001], as well as injury/ stage 2 [adjusted OR 1.8 (95% CI 1.2-2.7), P = 0.004] and failure/ stage 3 [adjusted OR 1.8 (95% CI 1.4-2.3), P < 0.001], was significantly associated with increased in-hospital mortality.
When considering both creatinine and UO criteria, the AUROC curve for in-hospital mortality was 0.652 for RIFLE criteria (P < 0.001), 0.686 for AKIN criteria (P < 0.001) and 0.658 for KDIGO criteria (P < 0.001) (Figure 1 ). There were no statistically significant differences in AUROC curves between the three classifications (RIFLE versus AKIN, P = 0.227; RIFLE versus KDIGO, P = 0.156; AKIN versus KDIGO, P = 0.147). The AUROC curves of these classifications for in-hospital mortality were significantly higher when defining AKI only by UO criteria as compared with SCr criteria (RIFLE, P < 0.001; AKIN, P < 0.001; KDIGO, P = 0.004). Values given as n (%). Values given as n (%).
We conducted a single-centre study comprising 457 critically ill patients admitted to the ICU with severe sepsis or septic shock, aiming to evaluate the incidence of AKI according to the new definitions/classifications for AKI-the RIFLE, AKIN and KDIGO systems-and to compare their ability in predicting in-hospital mortality of those patients. In the present study, the incidence of AKI was high, varying between 72.8 and 87.5% depending on the definition used. These results are in accordance with other retrospective studies carried out primarily in sepsis cohorts and that have also reported a high occurrence of septic-associated AKI. In these studies, >60-70% of patients with septic shock suffered AKI [24, 25] .
A small number of recently published studies have compared the incidence of AKI as defined and categorized by the RIFLE, AKIN and KDIGO systems, as well as their prediction performance in different medical settings. In the FINNAKI study, the incidence of AKI defined by the AKIN and KDIGO criteria among the 2901 ICU patients studied was identical (39%) [12] . In a prospective study enrolling 637 patients hospitalized for acute decompensated heart failure, the incidence of AKI as defined by RIFLE, AKIN and KDIGO criteria was also similar and there were only slight differences in the predictive ability between RIFLE and KDIGO in relation to clinical outcomes at 30 days (AUROC 0.76 and 0.74, respectively) [13] . In a cohort of 1050 patients diagnosed with acute myocardial infarction, KDIGO criteria detected significantly more AKI patients than RIFLE criteria (36.6 versus 14.8%) and those patients diagnosed as having AKI by KDIGO criteria, but not RIFLE criteria, had a substantially higher early and late mortality (adjusted hazard ratio for 30-day death of 3.51 by RIFLE and 3.99 by KDIGO; adjusted hazard ratio for 1-year mortality of 1.84 by RIFLE and 2.43 by KDIGO) [14] . The incidence of AKI was identical between the RIFLE, AKIN and KDIGO classification systems in a retrospective analysis of 1881 adult patients who underwent cardiac surgery, however, the AUROC curve was significantly greater when using the AKIN as compared with the RIFLE criteria (0.86 versus 0.78, P < 0.001) [15] . In a recent retrospective cohort study considering 31 970 hospitalizations, the incidence of AKI was similar between the RIFLE, AKIN and KDIGO systems, as were their adjusted ORs for in-hospital death [16] . In a Chinese prospective study of 3107 ICU patients, KDIGO criteria diagnosed more AKI patients than both RIFLE (51 versus 46.9%, P = 0.001) and AKIN criteria (51 versus 38.4%, P < 0.001) and the AUROC curves for in-hospital mortality were 0.738 (P < 0.001) for RIFLE, 0.746 (P < 0.001) for AKIN and 0.757 (P < 0.001) for KDIGO. KDIGO was shown to be more predictive than RIFLE for in-hospital mortality (P < 0.001), but there were no differences between KDIGO and AKIN (P = 0.12) regarding this outcome [17] . Fujii et al. [18] recently completed a retrospective analysis of 49 518 hospitalizations and reported that the RIFLE and KDIGO criteria identified more patients with AKI than AKIN (11 versus 4.8%) and proved to have a higher discrimination ability for in-hospital mortality (AUROC curve for RIFLE 0.77; AUROC curve for KDIGO 0.78; AUROC curve for AKIN 0.69).
In our analysis, we found that RIFLE and KDIGO criteria permitted the identification of more patients as having AKI than AKIN criteria and classified more patients with injury/stage 2 of KDIGO and failure/stage 3 of KDIGO. However, AKIN recognized more patients with stage 1 AKI than RIFLE criteria. No significant differences in AKI incidence (overall AKI and severity classes/ stages) were found when comparing RIFLE and KDIGO classifications. Furthermore, the prediction performance for in-hospital mortality was similar between the three classifications. The pre-admission SCr level (1.3 ± 0.6 mg/dL) was much lower than the mean SCr level on the day of admission to the ICU (2.3 ± 1.5 mg/dL), implying that AKI may have already been present on the day of ICU admission or even earlier. In accordance with the definition of AKI by AKIN criteria, AKI was diagnosed by two creatinine measurements within 48 h. Unfortunately, most patients did not have a daily creatinine measurement prior to the ICU admission. Therefore, when using creatinine at ICU admission, some AKI cases may have been undeniably overlooked [26] [27] [28] . In addition, patients with a slow but progressive decrease in renal function may have also gone unnoticed when using the AKIN criteria for diagnosis [29] .
In the current study, approximately one-third of patients with AKI as defined by the RIFLE classification system and one-half of patients with AKI defined by the KDIGO and AKIN systems were diagnosed as so based merely on UO criteria. We speculate that the higher percentage of AKI patients identified by UO criteria alone compared with those in whom AKI was diagnosed only by SCr criteria could be related to more pronounced oliguria often seen in septic patients, hemodilution There is a lack of conclusive data on the impact of AKI defined by SCr and/or UO on mortality. For example, in a systematic review, the relative risk for death among studies that used RIFLE based on SCr and UO was lower than in those using RIFLE 
based exclusively on SCr [33] . Nevertheless, in a previous study we did not find any difference in terms of mortality for RIFLE based on SCr and UO and RIFLE based on SCr alone [6] and, similar to a North East Italian multicentre prospective study in 2164 ICU patients concerning AKI classified by the RIFLE criteria [34] , the SCr criteria appeared to be a better predictor of mortality than UO. In contrast, in a recent prospective cohort study of critically ill patients, in those with AKI diagnosed exclusively by UO criteria, the need for renal replacement therapy was more frequent, the length of ICU stay was longer and the mortality rate was higher than in those patients without AKI [35] . We determined that AKI defined only by UO criteria was superior in the prediction of in-hospital mortality than AKI defined either by SCr itself or by both SCr and UO. Hence, UO seems to be a valid criterion with prognostic value in patients with septic AKI.
The present study has some limitations, including, first, its single-centre retrospective nature and relatively small cohort of patients. Second, the pre-admission SCr level was unknown to us in almost 60% of patients, compelling us to calculate an estimated baseline function using the MDRD equation, as recommended (assuming the lower limit of the normal baseline GFR of 75 mL/min/1.73 m 2 ) and previously applied [2, 6, 36, 37] . The estimation of a baseline SCr from the MDRD equation when pre-admission SCr is unavailable appears to perform reasonably well only if and when pre-admission GFR is near normal; however, in patients with supposed CKD, use of the MDRD equation to estimate baseline SCr overestimates the incidence of AKI and should not be employed [38] . Third, notwithstanding having measurements of UO on an hourly basis, data regarding additional factors that could influence UO, such as the use of diuretic therapy, was not available to us. Overall, we recognize that the presence of any biases would ultimately influence all three classifications, and thus would not significantly impact our conclusions. Despite these limitations, our study has numerous strengths. To the best of our knowledge, this is the first study comparing the incidence of AKI as defined by the RIFLE, AKIN and KDIGO criteria and comparing their prognostic capability in critically ill patients with severe sepsis or septic shock. Moreover, we used both creatinine criteria and UO criteria to define and categorize AKI. Finally, notwithstanding the retrospective nature of the study, most of the studied variables were routinely registered during daily clinical practice.
Conclusions
Granting that the RIFLE and KDIGO criteria potentially diagnose more ICU patients with severe sepsis or septic shock as having AKI than the AKIN criteria, the prediction ability for discerning in-hospital mortality was similar between the three systems. Nonetheless, future prospective studies enrolling a larger number of patients are still warranted to better determine the sensitivity and prognostic performance of these classifications in critically ill patients with severe sepsis or septic shock.
